
Abstract Eastern gamagrass, (Tripsacum dactyloides L.)
is a perennial, warm-season grass that is being developed
as a forage plant. Shoots were derived from callus initiated
from immature embryos and immature inflorescences of
diploid (2n=2x=36) gynomonoecious eastern gamagrass.
These shoots were induced to microtiller in the presence
of 3 mg/l benzyladenine. Amiprophosmethyl (10, 15, or 20
µM) was applied to 27 microtillers for 3–5 days to induce
chromosome doubling. All 14 surviving plants were tetra-
ploid, (2n=4x=72), as determined by flow cytometry or
chromosome counts. These plants were morphologically
normal and produced seed. Test crosses were made with a
known diploid. Flow cytometry and chromosome counts
showed that the progeny were triploid, proving that the in-
duced tetraploids reproduce sexually.
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leneacetic acid

Introduction

Eastern gamagrass, (Tripsacum dactyloides L.) is a peren-
nial, C4, warm-season, forage grass. Its commercial use
has been delayed because of seed production problems.

Eastern gamagrass usually has a monoecious sex form
(MSF), in which the apical two-thirds to three-fourths of
the racemes are composed of paired male spikelets with
one to several solitary female spikelets in the basal portion
of the racemes (Dewald et al. 1987). Gamagrass naturally
occurs primarily as diploids or tetraploids. The diploids
(2n=2x=36) reproduce sexually, and the tetraploids
(2n=4x=72) reproduce by facultative apomixis (Farquhar-
son 1955; Burson et al. 1990; Sherman et al. 1991).

In 1981, a high-seed-producing, diploid gynomonoe-
cious sex form (GSF) was found which has the potential
to increase seed production 20-fold; it was designated
GSF-I. This form differs from the normal monoecious
plants by having perfect rather than staminate paired spike-
lets in the terminal portion of the inflorescence, paired
spikelets each with two pistillate florets and rudimentary
stamens in the mid section, and two, instead of one, func-
tional pistillate florets in the basal spikelets (Dewald and
Dayton 1985).

The objective of this work was to develop a method to
double the chromosome number of a diploid GSF eastern
gamagrass to the tetraploid level and to determine whether
such tetraploid plants reproduce sexually or apomictically.
It would be useful to have tetraploid GSF lines to take ad-
vantage of apomixis, the robust nature of natural tetra-
ploids, and the increased seed production of the GSF trait
in breeding programs. Evaluation of any useful changes in
the gynomonoecious seed head at the tetraploid level was
also of interest. In addition, development of a chromo-
some-doubling technique for eastern gamagrass would be
useful as a component of anther culture systems.

Materials and methods

Plant materials

The T. dactyloides L. var. dactyloides plants used are listed in Ta-
ble 1. KS46 and OK20 are GSF plants derived from GSF-I germ-
plasm and developed at the USDA-NRCS Manhattan Kansas Plant
Materials Center (PMC) and the Agriculture Research Service in
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Woodward, Okla, respectively. Plants 511 and 429 were germplasm
collected in Oklahoma and evaluated at the Big Flats PMC. The cross
OK20×(GSF-I×511) was made at the Big Flats PMC.

Callus initiation and maintenance

Immature seeds (2–3 weeks following pollination) from the diploid
cross OK20×(GSF-I×511) were surface sterilized for 20 min in 30%
(vol/vol) bleach (1.6% NaOCl) plus 0.1% Tween 20 and rinsed three
times with sterile distilled, deionized water. The embryos (1–2 mm
in length) were aseptically removed and placed on MSDI medium.

Young unemerged inflorescences of GSF-I were taken from the
early boot stage, when the inflorescences were 1–3 cm long. The out-
er leaves were removed, and the remaining inner tissue surface ster-
ilized as described above. A longitudinal cut was then made asepti-
cally through the remaining leaves, exposing the young inflorescence
which was cut into 3- to 5-mm pieces and placed on MSDI medium.

MSDI medium contained MS salts (Murashige and Skoog 1962)
3.3 mg/l dicamba, 0.4 mg/l thiamine, 100 mg/l inositol, 2.3 g/l pro-
line, and 2% sucrose. The pH was adjusted to 5.8 prior to autoclaving,
and 2.2 g/l of gelrite was used as the solidifying agent. Cultures were
maintained in 100×15 mm plastic Petri dishes containing approximate-
ly 25 ml of medium. They were grown in the dark at 25°C and trans-
ferred to fresh medium every 2 weeks. The callus was maintained for
3 months prior to being transferred to regeneration medium.

Shoot initiation and microtillering

Shoots were induced by a two-step procedure. Callus was placed on
medium containing MS salts, 0.4 mg/l thiamine, 100 mg/l inositol,
3% sucrose, supplemented with 4 mg/l 6-benzyladenine (BA), in the
dark for 2 weeks and then transferred to medium without growth reg-
ulators in the light. To induce microtillering, individual shoots were
placed on the same medium supplemented with 3 mg/l BA in the
light. The light was provided by a mixture of cool white and gro and
sho fluorescent bulbs (General Electric) at 80 µM photons · m–2 · s–1,
in a 16-h daylength.

Chromosome doubling

Shoots initiated from embryo-derived callus of the diploid MSF
(OK20×(GSF-I×511) were used to develop the chromosome-dou-
bling technique. Twenty-seven shoots separated from actively mi-
crotillering cultures were placed in three petri dishes (9 shoots/plate)
containing MS salts, 0.4 mg/l thiamine, 100 mg/l inositol, 3% su-
crose, and 3 mg/l BA. Five milliliters of a 10, 15, or 20 µM solution
of amiprophosnethyl (APM), a mitotic inhibitor obtained from Bay-
er (Leverkusen, Germany), was pipetted into each petri dish. APM
was dissolved in a few drops of acetone and diluted with water. The
shoots were incubated in the dark at 25°C for either 5 days (10 µM

APM) or 3 days (15 and 20 µM APM). After incubation, the shoots
were rinsed three times in sterile distilled, deionized water and placed
on fresh medium for up to 3 weeks. After the shoots had recovered
from the treatment and resumed meristematic growth, they were

transferred to medium containing MS salts, 0.4 mg/l thiamine,
100 mg/l inositol and 3% sucrose supplemented with 1.0 mg/l naph-
thaleneacetic acid (NAA) for rooting.

Shoots from microtillers of GSF lines derived from inflorescences
of GSF-I and KS46 were also treated with 20 µM APM to induce chro-
mosome doubling. Some shoots derived from GSF-I and OK20 inflo-
rescences were treated with colchicine (0.01–0.025%, dissolved in dis-
tilled deionized water and filter-sterilized) for 3 days, instead of APM.

Transfer of plantlets out of culture

Rooted plantlets were transplanted into pots in Cornell Mix, a soil-
less potting mixture (Sheldrake and Boodley 1973) and grown under
the same conditions as the tissue cultures. They were covered with
plastic bags for 1 week and then grown without bags for an addition-
al week before transfer to a greenhouse. The plants were grown to
maturity in a field.

Measurement of DNA content and chromosome number

The nuclear DNA content of the plants recovered was evaluated by
flow cytometry of leaf samples (Arumuganathan and Earle 1991).
Controls of diploid gamagrass and chicken red blood cells (2.33 pg
DNA/nucleus; Galbraith et al. 1983) were run at the same settings
and time to standardize results. The ploidy level was confirmed on
all plants by counting the chromosome number in at least three root
tip cells/plant (Kindiger 1993).

Determination of mode of reproduction

Some plants were dug from the field at the end of December and
brought into a greenhouse to flower. They were given a 14-h day at
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Nursery no. Accession no. Ploidy Inflorescence Use

KS46 9050003 2n GSF Explant
OK20 WW-1703 2n GSF Parent/explant
GSF-I PI 483447 2n GSF Parent/explant
511 9051316 2n MSF Parent
429 9051292 2n MSF Tester
OK20×(GSF-I×511) – 2n MSF Explant
OK20×(GSF-I×511)-4X 9051767 4n MSF Induced
OK20-4X 9051769 4n GSF Induced
GSF-I-4X PI 591482 4n GSF Induced
KS46-4X 9051774 4n MSF Induced

Table 1 Identification, ploidy
level, inflorescence type and
use of plants in this study.
Ploidy was verified by flow cy-
tometry. (Explant starting mate-
rial for tissue culture, Par-
ent/explant plant used both as
starting material and as a parent
for other starting material, Test-
er plant used in test cross to
test mode of reproduction, In-
duced plants converted to tetra-
ploid level in this study)

Fig. 1 Cluster of shoots (2.5 cm long) separated from a microtiller-
ing culture for treatment with APM

Fig. 2 Swollen meristems on tillers 5 days after APM treatment 
(scale bar 3.5 mm)

Fig. 3 Histogram showing relative DNA content of diploid starting
material (7.3 pg/nucleus) and an induced tetraploid (15.1 pg/
nucleus)

Fig. 4 A root tip cell from an induced tetraploid with 72 chromo-
somes

Fig. 5 A composite histogram showing relative DNA content of the
diploid parent (8.5 pg/nucleus), induced tetraploid parent (15.9 pg/
nucleus), and triploid progeny (12.4 pg/nucleus)

Fig. 6 A root tip cell from a triploid with 54 chromosomes, derived
from a cross between the induced tetraploid and a known diploid
(photograph Jie Xu)
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150 µM photons · m–2 · s–1 and kept at a minimum temperature of
18°C. Flowering began 3 months later. These plants included a dip-
loid MSF 429, and an induced tetraploid GSF-I-4X, four induced

tetraploid MSF plants heterozygous for the GSF trait OK20×
(GSF-I×511)-4X.

Crosses were made between induced tetraploid GSF-I-4X and
diploid 429 so that progeny could be evaluated for ploidy level to
determine the mode of reproduction. Sexually produced progeny
would be triploid, while apomictic progeny would be tetraploid.
The nuclear DNA content of 12 progeny was evaluated by flow cy-
tometry to estimate the ploidy level. To confirm the flow cytome-
try findings, chromosomes from root tips of several progeny were
counted.

Results and discussion

Callus suitable for subculture was induced on approxi-
mately 40% of the immature embryos and 50% of the im-
mature inflorescence explants placed on MSDI medium.
Because shoot regeneration from callus was inconsistent,
a microtillering system was employed to obtain large quan-
tities of actively growing shoots for application of APM
or colchicine (Fig. 1). Individual callus-derived shoots
placed on medium containing 3 mg/l BA showed exten-
sive proliferation of microtillers, with a three- to fourfold
increase in tillering in 30 days.

In vitro application of APM to microtillers induced dou-
bling of chromosome number from diploid (2x=2n=36) to
tetraploid (2n=4x=72). Twenty-seven tillers from embryo-
derived callus of OK20×(GSF-I×511)-4X were treated
with 10, 15, and 20 µM of APM. After 5 days, the actively
dividing meristem appeared swollen (Fig. 2). After
17 days, all treatments showed some mortality and reduced
vigor on some of the surviving shoots. The survival from
the 10, 15, and 20 µM treatments was 66%, 30%, and 50%,
respectively. All 14 surviving plants were tetraploid.

Tetraploid GSF plants were obtained from shoots de-
rived from immature inflorescences. Two tetraploids of
GSF-I and one of KS46 were identified among 43 plants
tested after treatment of microtillers with a 20 µM solution
of APM. Five GSF-I tetraploids were recovered from 24
plants tested after applying 0.01–0.025% colchicine solu-
tions to microtillers. In addition, two tetraploids (one 
GSF-I, one OK20) were regenerated after applying 0.025%
colchicine to 20 pieces of callus as described by Wan et al.
(1991).

APM had several advantages over the use of colchicine.
Less contamination was seen than on shoots treated with
colchicine, perhaps because of the acetone in the APM
treatment. Furthermore, APM is reported to be safer for
handling (Wan et al. 1991), while colchicine must be han-
dled carefully because of its harmful effects on humans.

Colchicine at the 0.05% level was phytotoxic, with no
shoots surviving the treatment. A dosage of colchicine less
than 0.05% can be selected which is lethal to many shoots.
The efficiency of the microtillering system allows for the
generation and treatment of large numbers of tillers allow-
ing for the recovery of doubled plants from the remaining
surviving tillers.

After plants from the various treatments were trans-
ferred to soil, their leaf nuclear DNA content was analyzed
by flow cytometry. All tetraploid plants were retested to
verify the increase in DNA content. Figure 3 shows a his-
togram with a diploid and an induced tetraploid in which
the diploid, OK20×(GSF-I×511), has a DNA content of
7.3 pg/nucleus while the tetraploid has 15.1 pg/nucleus.
G2 peaks were not apparent because the plants were not
growing vigorously and the leaf samples were not taken
from a meristematic region. The average nuclear DNA con-
tent of all the induced tetraploids from OK20×(GSF-I×511)
was 14.8±0.4 pg/nucleus. The shift to the tetraploid DNA
level was correlated with a doubling of the number of chro-
mosomes. Figure 4 shows a tetraploid cell with 72 chro-
mosomes from a plant recovered from the 10 µM APM
treatment.

When the induced tetraploids were grown to maturity,
they produced morphologically normal, fertile seed heads.
To ascertain the mode of reproduction of these plants, test
crosses were made between an induced tetraploid and a
natural diploid. The nuclear DNA values for the test cross
parents were determined. The induced tetraploid parent
GSF-I-4X was found to have a DNA value of 15.9 pg/nu-
cleus; the natural diploid 429 had 8.5 pg/nucleus. The av-
erage DNA content of the ten offspring evaluated was
12.4±0.6 pg/nucleus. This value is intermediate between
the diploid and tetraploid value, indicating that the prog-
eny are triploid, as expected from a sexual cross. Figure 5
is a composite histogram illustrating nuclear DNA content
of the parents and one of the triploid offspring of this tet-
raploid×diploid cross. The flow cytometry results were
confirmed by root tip chromosome counts; nine progeny
plants were found to have a minimum of three cells with
54 chromosomes, the triploid number (Fig. 6). One plant
had a variable number of chromosomes between 36 and
54.

A subsample of seed was taken from open-pollinated
induced tetraploids to evaluate the percentage of spikes
that yielded normal-appearing seed. An average seed set
of 60.7% was observed. Although this seed set is higher
than usually expected from an induced autotetraploid, a
seed set of 63% has been reported for colchicine-induced
cereal rye autotetraploids (Müntzing 1951). The high seed
set in this case could be due to outcrossing from pollen in
the surrounding nursery containing natural diploids and
tetraploids. The protogynous flowering of eastern gama-
grass will also reduce the chances of self-pollination from
the same inflorescence. An exact measure of the fertility
of the induced tetraploids was not obtained; however, prog-
eny were readily recovered from controlled crosses
between induced tetraploids (86 plants) and from crosses
between induced tetraploids and natural tetraploids (305
plants). The different number of progeny from the two
types of crosses is not meaningful, since more crosses were
made between induced and natural tetraploids. Fifty-three
progeny from these crosses were sampled; all were tetra-
ploid as measured by flow cytometry. It appears that these
induced tetraploids have a fertility level sufficient to be
utilized in a breeding program.
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Chromosome doubling of embryogenic callus of dip-
loid Tripsacum was accomplished by Leblanc et al. (1995)
using 0.05–0.2% colchicine. While various T. dactyloides
subspecies were used, none were T. dactyloides var. dac-
tyloides, the subspecies native to North America. All were
monoecious, unlike the diploid GSF germplasm used in
this study. Leblanc et al. (1995) also found that their in-
duced tetraploids reproduced sexually.

The GSF trait increases the seed production potential
of eastern gamagrass 20-fold and is being utilized in sev-
eral breeding programs. The trait is governed by a reces-
sive gene, and the GSF inflorescence produces little pol-
len, resulting in inadequate seed set when GSF plants are
naturally intercrossed. This results in a lack of true-breed-
ing GSF lines in seed production fields.

The transfer of the GSF trait from the diploid level to
the tetraploid level therefore has several advantages.
Crosses of the induced tetraploid sexual GSF plants with
apomictic MSF tetraploid plants used as pollen parents will
produce fertile progeny that could be used in breeding
systems to fix the GSF trait with apomixis. An apomictic
GSF plant will breed true regardless of the gamagrass pol-
len source. Eastern gamagrass shows a high degree of shat-
tering, so breeding apomixis into the genotypes used in
seed production fields would reduce genetic drift and the
production of off types from germinating shattered seed.
This would increase the length of time seed production
fields can be maintained.

On the other hand, sexually reproducing tetraploid east-
ern gamagrass will permit recombination at the tetraploid
level. The resulting unique and heterotic genotypes may
also be fixed with apomixis. The tetraploid gamagrass
plants found along the northeast and mid Atlantic coastal
areas are larger, more robust and flower around 3 weeks
later than the diploids obtained from the midwest. These
tetraploid plants appear to decline in vigor more quickly
than the diploids, with center dieback. It would be benefi-
cial to be able to improve longevity in these tetraploids by
conventional breeding methods. Sexual tetraploids will
also be useful for future genetic studies of the inheritance
of apomixis and for the study of the inheritance of the GSF
trait at the tetraploid level.

The induced sexual GSF tetraploid (PI 591482) was re-
leased as germplasm by the USDA-NRCS and Cornell Uni-
versity in January 1996 (Salon and Pardee 1996).
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